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METHOD AND DEVICE FOR ALIGNMENT OF INDIVIDUALLY MOVED 

SHEET-SHAPED MATERIALS 

Field of the Invention 

5 The invention relates to a method for alignment of individually moved sheet-shaped 
materials. 

Background 

It is generally necessary to align sheet-shaped materials which have been delivered, to 
10 a precise position for a subsequent processing step, such as printing, cutting, 

punching, binding or the like, since the exact position of the sheet-shaped materials 
deviates from the specified position as the sheet-shaped material runs through the 
processing device, e.g. a printing machine, a digital printer or copier. 

15 An alignment may be necessary if the existing alignment of the sheet-shaped materials 
will be changed, such as when a sheet-shaped material that is aligned with an edge will 
be aligned with a center line or if the orientation will be changed from portrait format to 
landscape format or vice versa. In the prior art, there are a number of different methods 
and devices used to achieve an alignment of this type. One group of these devices uses 

20 two frictional wheels having the same axis and operated independently of each other 
with stepper motors. If these two frictional wheels are brought into contact with the 
sheet-shaped material, the sheet-shaped material experiences a rotary movement if the 
frictional wheels are operated with angular velocities that are different from each other. 

25 In EP 814 040 B1 , in a first phase, a sheet is first tumed by an angle in one direction by 
two frictional wheels then in a second phase it is transported forward, whereby the two 
frictional wheels move uniformly, and then is turned in reverse in a third phase. During 
the rotary movements, the angular velocity of one frictional wheel is essentially 
increased by the amount by which the angular velocity of the other frictional wheel is 
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reduced. After a brief angular velocity change, the rotation process is carried out with 
two constant angular velocities, after which the angular velocities of the two frictional 
wheels are adapted again to the transport speed in fonward direction. Skewing of a 
sheet can be compensated, in that the duration of rotation in one direction is selected so 
5 that it is different from the duration of rotation in the other direction. A lateral shift is 
achieved here, since the pivot point of rotation of the first phase is different from the 
pivot point of rotation of the second phase. A disadvantage here is that a relatively large 
amount of space is required to achieve the lateral shift by deriving it from a forward 
movement. 

10 

In a related patent EP 0 814 041 B1, a similar method is used in order to cause a 
change in the orientation of the sheets from a portrait orientation to a landscape 
orientation, i.e. to rotate the sheet essentially by 90° and at the same time compensate 
any lateral misalignment or skewed position of the sheets that may exist. Lateral 
1 5 misalignment and skewed position are compensated here by the selection of the 
suitable pivot point and duration of rotation. 

Brief Description of the Drawings 

Figure 1 is a schematic view of the overall structure of the device according to the 
20 invention. 



Figure 2a is a general control profile for the two frictional wheels according to the 
method according to the invention. 

25 Figure 2b is a general control profile for the two frictional wheels of the method 
according to the invention with constant change rates of the angular velocity. 

Figure 3a is an example control profile for the lateral shift of the sheet-shaped material. 
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Figure 3b is a schematic view of the alignment procedure of a sheet with a control 
profile according to Figure 3a. 

Figure 4a is an example control profile for aligning a sheet-shaped material and rotating 
5 it by 90°. 

Figure 4b Is a schematic view of the alignment process of a sheet with a control profile 
according to Figure 4a. 

1 0 Figure 5a is an example of a control function of the frictional wheels for any optional 
transfer of the input state parameters to the output state parameters. 

Figure 5b is a schematic view of the alignment process of a sheet with a control profile 
according to Figure 5a. 

15 

Figure 6 is a control function with a zero crossing and distorted control functions to 
accelerate the zero crossing. 

Detailed Description 

20 Figure 1 shows the overall structure of a device 100 for carrying out the method 

according to the invention. Other drive, control and/or guide means and cam wheels 
that are generally known and necessary for operation of the device are only shown 
schematically and/or will only be described in a general way. In Figure 1, the frictional 
wheels are shown with the same axis, however that need not necessarily be the case 

25 since with corresponding control functions the frictional wheels A, B can also have two 
parallel axes. Advantageously, the axes of frictional wheels A, B are perpendicular to 
the direction of the input speed Vjn. 

A sheet-shaped material 1 with the corners SI, S2, S3, S4 is brought into contact with 
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the first frictional wheel A and the second frictional wheel B by a first transport unit 15 at 
an input speed vm and an input angle cpm, indicated in Figure 1 with an arrow. The input 
angle (pin indicates the angle between the input speed vm that corresponds to the X-axis, 
and the direction of an edge from the corner S2 to S3 and/or S1 to S4. A sensor 20 
5 records the front edge of the sheet-shaped material 1 . After that, the first drive 1 1 of the 
first frictional wheel A and/or the second drive 12 of the second frictional wheel B is 
actuated by a controller 25 according to a suitable control function. Additional sensors 
may be provided that measure the input angle cpm and the input speed Vin prior to this. 
The input speed can be derived, for example, from the transport speed of the first 
10 transport unit 15. 

According to the control functions for the drives 11, 12, the frictional wheels A, 8 rotate 
and shift the sheet-shaped material 1 so that the sheet-shaped material 1 is provided 
with an output angle Vout and a movement in X direction Xshitt and a movement in Y 

15 direction yshift and transferred to a second transport unit 16. In addition, the input speed 
Vin can be changed to an output speed Vout by the rollers A and B according to the 
control function for the drives 1 1 , 12.ln the case shown in Figure 1 , with the use of 
corresponding control functions for the drives 1 1 , 12, a laterally aligned sheet-shaped 
material is turned from an alignment with a side line 8, by 90°, to an alignment with a 

20 center line 9. In this process, the area that the sheet-shaped material 1 has passed over 
during this movement is within the area identified with the reference character 10. This 
area 10 represents the movement area that is available to a sheet-shaped material in 
the process according to the invention. The movement area 10 is essentially determined 
by the construction space available. The movement area 10 can be increased by 

25 temporary lifting of the first and second transport units 15,16. 

Figure 2a shows a general control profile as corresponds to the method according to the 
invention. In it, the rotation speeds of frictional wheels A and B are entered over time. 
Frictional wheel A and frictional wheel B both start with the same input angular velocity 
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or rotation speed win. In the first phase, the angular velocity of the frictional wheel A 
increases continuously, the sign changes, then it increases to about 200 rpm opposite 
the first direction, then it decreases again, the sign changes again, there is a further 
Increase and then in phase 2, it reaches a maximum of approx. 600 rpm and then 
5 continuously drops to an output angular velocity a)out. The angular velocity of frictional 
wheel B at first increases in parallel in order to reach its maximum of about 600 rpm in 
phase 1, then continuously drops to about 200 rpm at the minimum in phase 2 and then 
increases again to the common output angular velocity ojout The input angular velocities 
win and the output angular velocities Wout can be the same but do not necessarily have 

10 to be the same. The transition from phase 1 to phase 2 occurs at time Tu, at which the 
angular velocities of frictional wheels A and B are the same, about 350 rpm, In the case 
shown. What is important is that in phase 1, one of the frictional wheels turns faster than 
the other and in phase 2 the same frictional wheel now turns more slowly than the other 
frictional wheel and that the angular velocity of frictional wheel A and frictional wheel B 

15 are continuously changed. As can be seen in Figure 2a, it is also not necessary, at time 
Tu, for the common angular velocity of frictional wheels A and B to correspond to the 
average angular velocity. 

Figure 2b shows the function parameters of a preferred embodiment that are relevant 
20 for the control functions, using a control profile of the speeds of frictional wheels A and 
B. The function parameters are the angular acceleration of frictional wheel A qa, the 
angular acceleration of the frictional wheel B gb, the changeover time Tu, at which the 
change from the first phase to the second phase occurs, the ending time of the 
alignment process Te, the input rotation speeds Wjn and the output rotation speeds Wout, 
25 whereby each of the input rotation speeds w.n of the two frictional wheels are the same 
and the output rotational speeds Wout of the two frictional wheels are also the same, but 
input rotational speeds wm and output rotational speeds Wout can differ from each other. 
The angular accelerations Qa, Ob of the frictional wheels A, B can be functions with time 
dependency here. In a preferred embodiment, the angular accelerations qa, ob of the 



5 



A003893 



frictional wheels A, B are each constant the entire time. The change rate of the angular 
velocities of frictional wheels A, B is constant at least in sections. In addition, the graphs 
in Figure 2b show the speed of rotation of the center of gravity of the sheet-shaped 
material and the change in angles of rotation A and B. In this case, at time Tu, the 
5 angular velocities of the frictional wheels A and B con'elate with the average angular 
velocity. 

Figure 3a shows the control functions for the drives 1 1 , 12 of the frictional wheels A, B 
that cause a lateral shift of a sheet-shaped material. The control functions have mirror 

1 0 symmetry with respect to the average angular velocity of the frictional wheels A and B. 
As can be seen in Figure 3b, this leads to a back and forth rotation of the sheet-shaped 
material 1 . Since the rotation occurs outside the center of gravity 5, the rotation in the 
first phase and the subsequent rotation In the reverse rotation direction In the second 
phase lead to the desired shift. The sheet-shaped material 1 , which at the beginning of 

15 phase 1 is located in the starting position 2 and is aligned with the side line 8 of the 
sheet-shaped material 1 , is transferred by the control function according to Figure 3a to 
an ending position 3 aligned along the center line 9. 

Figure 4a shows the control functions of the drives 11 , 12 of the frictional wheels A, B 
20 that cause a rotation of a sheet-shaped material 1 by essentially 90°. In this process, 
the direction of rotation of the drive 1 1 of the frictional wheel A is sometimes reversed in 
the second phase. In the first phase, mainly the lateral shift from the position aligned 
with the side line to the position aligned with the center line 9 occurs. 

25 Figure 4b shows the alignment procedure of a sheet-shaped material 1 from a starting 
position 2 to a target position 3 according to the control functions from Figure 4a. 
Because of the reverse movement of the frictional wheel B in the second phase, a 
rotation process that is especially space-saving can be achieved. 
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Figure 5a shows other control functions for the drives 1 1 , 12 of the frictional wheels A, 
B. As can be seen in Figure 5b, in this case a sheet-shaped material 1 is transferred 
from a starting position 2 in which the sheet-shaped material 1 has any input angle (pin 
to a target position 3 in which the sheet-shaped material has any output angle (pin , (pout- 

5 

Figure 6 shows special characteristics of the control functions of the drives 1 1 , 12 of the 
frictional wheels A, B that result from the use of stepper motors as the drives 11,12. 
Stepper motors have the characteristic that they can only advance to quantized angular 
positions. This is problematic, above all during changes in direction of rotation, i.e. a 

10 zero crossing of the rotation speed, since in this case a definite jump in rotation speed is 
necessary. During the jump of one of the frictional wheels A, B to the rotation speed 
zero and the resulting standstill with simultaneous further transport by the other frictional 
wheels A, B, scuffing marks can develop on the sheet-shaped material 1. In addition, 
stepper motors cannot be operated beyond a specific frequency. Accordingly, the 

15 control functions are adjusted specially for the zero crossings. The quantization of the 
steps of the stepper motor is poorer and poorer with decreasing frequency. In addition, 
there are resonance problems at frequencies below 400 Hertz. Since this would lead to 
incorrect ending positions of the sheet-shaped material, a distorted stepper motor ramp 
is generated from the undistorted control function, Input into the motion equation of the 

20 sheet-shaped material 1 , and thereby optimizes function parameters of the undistorted 
control function. The change range of the angular velocity as shown in the example is 
decreased to a time Ti, whereby time Ti corresponds to the time at which the slowed 
changed angular velocity of the frictional wheel A has dropped to approximately 400 
Hertz. The stepper motor 1 1 Initiates a pause Tstop. In the second time interval T2, the 

25 stepper motor 1 1 starts with a frequency of -400 Hertz and increases with a change 
rate, which is also decreased, up to the frequency F2. The process repeats with 
reversed signs during the second zero crossing. The braking time Tstop is selected so it 
is minimal so that the stepper motor just comes to a stop within it. In addition, when the 
maximum frequency Fmax is reached, the original control function is cut off. 
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Advantageously, the control functions are selected if possible in such a way that when 
the maximum frequency F^ax is reached, the drives 1 1 , 12 do not stop. 

The present invention is useful in inline further processing of print products, in digital 
5 printing machines and especially as an interface between the processing devices made 
by different manufacturers. However, the present invention is not restricted to this 
application, and can also be used in connection with the method according to the 
invention in order to precisely position, for example, envelopes or packages or other 
objects, e.g. metal or wood pallets. In any case use in all digital printers, copiers or 
1 0 other printing machines in which sheet-shaped materials are individually processed, 
especially use in the offline further processing of sheet-shaped materials is also within 
the prevue of the invention. 

Individually moved sheet-shaped materials are characterized by the following state 
15 parameters: input angle, output angle, input speed, output speed, X shift and Y shift. 
The present invention changes the state parameters, input angle and input speed, of an 
individually supplied sheet-shaped material into the state parameters output angle, 
output speed, X shift and Y shift by : 

a) acceptance of the sheet-shaped material from a first transport unit by a first frictional 
20 wheel and a second frictional wheel, whereby the first and second frictional wheel each 

have independent individual drives, 

b) continuous rotation of the sheet-shaped material in a first phase in a first direction of 
rotation using control functions for the angular velocities of the first frictional wheel and 
of the second frictional wheel, whereby at the beginning and end of the first phase the 

25 angular velocities of the first and second frictional wheels are the same, 

c) continuous rotation of the sheet-shaped material in a second phase in a second 
direction of rotation opposing the first one, using a control function for the angular 
velocities of the first frictional wheel and of the second frictional wheel, whereby at the 
beginning and end of the second phase the angular velocities of the first and second 
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frictional wheels are the same, and 

d) delivery of the aligned sheet-shaped material to a second transport unit. 

Accordingly, it Is a matter of a flowing rotational movement of the sheet-shaped material 
5 composed of two phases with different rotation directions, in which the sheet-shaped 
material continuously changes its angular position. In this way, in a practical physical 
framework, sheet-shaped materials can be brought from any input states (position and 
speed) into any output states (position and speed) within an alignment process. In 
particular, the possibility of a change in the intake speed is therefore also provided. 

10 

In an advantageous design of the method according to the invention, the method 
additionally comprises the step of determining the control function for control of the 
drives of the frictional wheels from the state parameters input angle, output angle, 
intake speed, output speed, X shift and Y shift. These six state parameters of the sheet- 

15 shaped material are used with a control function in order to fulfill the requirements 
named with minimum effort. The control functions of the two frictional wheels are 
optimized in this process with numerical methods, using motion equations of the sheet. 
To do this, six function parameters are selected, in which the six state parameters are 
simulated. The six function parameters are the angular acceleration OAOf frictional 

20 wheel A, the angular acceleration qb of frictional wheel B , the changeover time Tu, at 
which the change from the first phase to the second phase occurs, the end time of the 
alignment process Te, the input rotation speeds Wjn and the output rotation speeds ojout. 
whereby in each case the input rotation speeds of the two frictional wheels are the 
same and the output rotation speeds of the two frictional wheels are also the same, but 

25 input rotation speeds and output rotation speeds can differ from each other. The angular 
accelerations qa, ob of frictional wheels A, B can be functions with time dependency. 

The determination of the control function may be carried out for each individual sheet- 
shaped material. This ensures an optimum adaptation to the individual inherent state of 
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each sheet-shaped material. Alternatively, a fixed, specified control function could be 
determined for a larger number of sheet-shaped materials, say for a complete set of 
sheet-shaped materials. This would make sense if the inherent states of all sheet- 
shaped materials in one set are essentially the same before and after alignment. This 
may be the case, for example, when sheet-shaped materials with side register will be 
center registered and all side registered sheet-shaped materials have the same inherent 
states. In this way, the computing effort required for determination can be reduced. 
However, in practice deviations from the ideal position, for example sinewing, often 
occur, even in one set of the same sheet-shaped materials that are drawn sequentially 
from a stack or have already run through various processing stations. Therefore in this 
case, it may be necessary to change the skewing and possibly the lateral shift for each 
separate sheet-shaped material individually, which requires determination of 
con-espondlng control functions for the two frictional wheels. 

The control function may be determined using a lookup table. In this way, the required 
computing effort for determining the control function can advantageously be reduced. 
The size of the lookup table can be optimized by suitable selection of the parameter 
ranges. 

In the step for determining the control function, the position of the center of gravity of the 
sheet-shaped material may be taken into consideration in such a way that the control 
function minimizes the torques that occur. This minimizing of the torques relates to both 
the torques that act on the sheet-shaped material and to the torques that occur in the 
frictional wheels. In this way, both the sheet-shaped material and the frictional wheels 
and their drives are protected. 

During the step for determining the control function, the state parameters input angle, 
output angle, input speed, output speed, X shift and Y shift of the sheet-shaped material 
are taken into consideration in such a way that the control function minimizes the 
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rotation area needed for the sheet-shaped material. Because of this, the space that may 
be required by a device for carrying out the method according to the invention may be 
reduced. This may be especially advantageous if the alignment method is used to 
accept and align sheet-shaped materials from upstream assemblies, e.g. from 
5 processing devices made by different manufacturers. Generally, the rotation area 
needed is minimum if the center of gravity of the sheet-shaped material does not 
change or barely changes during the alignment process. With a lateral shift, the position 
of the center of gravity naturally always changes. 

10 A limited number of control functions may be stored in the form of interpolation points, 
from which a control selects or interpolates the special control functions using numerical 
methods. This may be a case of a linear interpolation between the interpolation points. 
Because of this and with relatively little computing effort, a relationship of the state 
parameters can be described as a function of a relevant format dimension in a format 

15 area of the sheet-shaped material that may be to be covered. The relevant format 

dimension applies to the width of the sheet-shaped material during a lateral shift and/or 
the length of the sheet-shaped material when it is rotated. The data required for the 
control to operate the drives of the frictional wheels depend directly on the state 
parameters and can thus be expressed in a simple way as a function of the format 

20 dimension. If the format area of the sheet-shaped materials that are to be aligned may 
be divided into suitable smaller format areas, the interpolation points can ultimately be 
used to determine the optimum control functions for the drives of the frictional wheels in 
real time for any format of the sheet-shaped materials. 

25 The present invention may also involve another measurement step, in which at least 
one of the following state parameters is determined: input angle, input speed, X shift 
and Y shift. In this way, it is possible to achieve a recording of the current inherent state 
of the sheet-shaped material immediately before the alignment, and the optimum drive 
functions for the drives of the frictional wheels can be determined accordingly. 
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The control functions of the first and/or second drive of the frictional wheels may be 
selected in such a way that the change rates Qa, Ob of the angular velocities remain 
constant for each frictional wheel during the process. In this way, parameters can be set 
5 better for the control functions. 

The input angle and the output angle may essentially differ by 90°. This means that in 
addition to correction of any skewing that may be present, a change in the orientation of 
the sheet-shaped material is carried out, for example from portrait format to landscape 
1 0 format. 

One of the frictional wheels may carry out a change In direction during at least one of 
the rotation steps. In this way, among other things, the fact that the sheet-shaped 
material is especially quickly rotated is achieved and in this process the smallest 
1 5 possible area is needed. 

If at least one of the frictional wheels carries out a change in direction, the angular 
velocity of the frictional wheel involved may be distorted in the zero crossing in such a 
way that the zero crossing occurs as quickly as possible. In this context, zero crossing 

20 should be understood to mean that the angular speed of the frictional wheel is zero, i.e. 
the frictional wheel stops for an instant. The resulting stoppage of the sheet-shaped 
material, with simultaneous further transport by the other frictional wheel, can cause 
scuffing marks on the sheet-shaped material. The control function may be selected in 
such a way that ultimately no erroneous ending position of the sheet-shaped material 

25 occurs because of this. 
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